The aim of this study was to determine the best level of utilization of dried waste of cassava starch extraction (WCSEd) as a substitute for corn for lactating cows. Four lactating cows were fed diets with increasing levels (0%, 33%, 66% and 100%) of WCSEd as a substitute for corn. The intake and digestibility of dry matter and nutrients, milk production and composition, blood parameters of glucose and urea and microbial synthesis of the diets were evaluated. There was a reduction in dry matter intake, organic matter, ether extract and total carbohydrate, and increased intake of acid detergent fiber. Nutrient digestibility was not affected while the synthesis of microbial protein increased. These changes resulted in reduced milk production, without altering the efficiency of production or the constituents of milk, with a decreasing effect on daily production of lactose, solids and minerals. Metabolic parameters, glucose and urea nitrogen in plasma, remained within appropriate levels. The dried residue from the extraction of cassava starch can be used as feed for dairy cows to replace up to 100% of the corn ration. However, its use promotes a reduction in intake of dry matter and nutrients as well as a reduction in the production of milk, with impacts on the profitability of the product.
INTRODUCTION
The expansion of milk production in Brazil had led to a search for alternative foods that would minimize production costs and improve the profitability of producers for whom milk is a source of fixed income. Agroindustrial waste has featured in this search for alternative foods, since feed costs represent most of the operational costs in milk production (Jobim et al. 2007) .
Cassava processing waste can be easily obtained in regions near processing plants, due to the large amount of waste produced and the need for its disposal (Reginatto et al. 2011 ). This waste is a cheap energy substitute for the formulation of TATIANE FERNANDES et al. feed for ruminants, and as it has a similar nutritive value to corn, it is a viable alternative (Ramalho et al. 2006) .
Among the waste produced during the processing of cassava, the residue obtained from the extraction of starch by the wet method is of particular interest. The global demand for native and modified starches is projected to grow from 35 million tons to 50 million between and 2015 (Felipe et al. 2013 , boosting production and increasing the amount of waste. The conservation of this residue is hampered by its high levels of humidity (85%) (Abrahão et al. 2006b ). The drying of this byproduct would enable its proper conservation and transport, but raise the costs of acquisition.
When using alternative foods, it is important to evaluate the influence of the production and quality of products on food intake (Abrahão et al. 2006a ). The present study was thus conducted to determine the best usage level of dried waste of cassava starch extraction (WCSEd), as a substitute for corn in lactating cows.
MATERIALS AND METHODS
The experiment was conducted at the Universidade Estadual do Oeste do Paraná, Campus de Marechal Cândido Rondon-PR. The experimental protocol was approved by the Ethics Committee on the Use of Animals of UNIOESTE (48/13 Protocol).
We used four multiparous Holstein cows (between 4 th and 6 th lactation) at approximately 100 days of lactation, with an average body weight of 627.5 ± 31.5 kg and an average initial production of 24.21 ± 5.98 kg of milk a day. The animals were distributed in a Latin square experimental design (4 x 4) with four experimental periods of 21 days each, comprising 14 days of adaptation to diet and 7 days of data collection (total period of 84 days) and four treatments. The treatments used were: replacement levels of corn (0, 33, 66 and 100) for dried waste of cassava starch extraction (WCSEd).
A chemical assessment of the diets was conducted, including the levels of DM (dry matter), MM (mineral matter), EE (ether extract) and CP (crude protein), according to the methodology described by AOAC (1990) ; and NDF (neutral detergent fiber) and ADF (acid detergent fiber), according to Van Soest et al. (1991) . OM (organic matter) was obtained by the difference between the MM and the total content of DM (Table I) .
The experimental diets were formulated in accordance with the NRC (2001), to meet the requirements of the animal category (Table II) . Diets comprised of 50% corn silage as the forage source, and 50% of concentrated feed. To estimate the TDN (total digestible nutrients), the in vitro digestibility values of OM (IVDOM) were determined using the methodology described by Tilley and Terry (1963) , and described by the equation reported by Kunkle and Bates (1998) .
The animals were housed in stables, in individual pens with a trough for intake control. Feed was done twice a day, at 6:30 am and 4:30 pm, as 70% and 30%, respectively, of the total DM offered. Excess feed was supplied daily in order to provide leftovers of 10% of the total DM offered. At the beginning and end of each experimental period, the animals were weighed immediately after milking and before feeding in the morning.
During the 7 days of the trial period, sampling of the rations provided and the leftovers was carried out, forming a composite sample, per period and per treatment. For determination of the digestibility of DM and nutrients from the 15 th to the 20 th day of each experimental period, feces were collected directly at the exit of the rectum at the following times: 8:00, 10:00, 12:00 am, 2:00, 4:00 and 6:00 pm every day. To obtain estimates of fecal excretion, indigestible neutral detergent fiber (iNDF) was used as an internal indicator, as proposed by Waller et al. (1980) . iNDF was determined by ruminal incubation of samples of food, leftovers and feces WCSEd FOR LACTATING COWS for 240 h, into F57 filters (ANKON ® Technology Corporation), and an analysis of neutral detergent fiber was then performed (Lippke et al. 1986 ). Samples of food, leftovers and feces were analyzed to determine their DM, MM, EE, CP, NDF, ADF and OM content as described previously. Total carbohydrates (TC), non-fibrous carbohydrates (NFC) and NDT were estimated according to the equations described by Sniffen et al. (1992) .
Milking was performed twice daily (at 6:00 a.m. and 4:00 p.m.), and the milk production per animal was recorded using meters coupled to the milking equipment. On the 15 th and 16 th days of each experimental period, milk samples were collected, in a proportional way from both milking sessions, packed in polyethylene bottles containing the preservative Bronopol ® (2-bromo-2-nitropopano-1,3-diol). And forwarded to the laboratory analysis program of the dairy herd of Paraná (PARLPR), belonging to the Paraná Association of Cattle Breeders of Dutch Breed (APCBRH), where the levels of fat, protein, lactose and solids were measured. The milk yield, 3.5 percent fat corrected milk (kg/day), (FCM), was used the equation cited by Sklan et al. (1992) . The efficiency of milk production (EMP) was computed for each cow by dividing the average production of milk by the average DM intake for each data collection period (Valadares-Filho et al. 2000) . Milk samples for analysis of allantoin were deproteinized using 5 mL of solution to 25% trichloroacetic acid, filtered in qualitative role and stored at -20 °C.
On the 20 th day, spot urine collections were carried out approximately 4 hours after the morning feeding. A 10-mL aliquot was separated and acidified with 40 mL of sulfuric acid (0.036 N) for the quantification of creatinine, allantoin and uric acid. The average daily excretion of creatinine, considered to indicate the urinary volume, was 24.05 mg kg -1 BW (Chizzotti et al. 2007) .
The excretion of total purines (PT) was estimated by the sum of the quantities of allantoin and uric acid excreted in the urine and allantoin in milk. The amount of microbial purines absorbed (PA) (mmol day -1 ) was estimated from the excretion of PT (mmol day -1 ) by means of the equation
proposed by Verbic et al. (1990) . The intestinal microbial nitrogen flow (g MN day -1 ) was estimated from the amount of purines absorbed (mmol day -1 ), according to Chen and Gomes (1992) . To monitor metabolites, blood was collected at different times after the morning feed (0, 1, 2, 4, 6 and 8 h) on the 21 st day of each period, using 4-mL test tubes containing sodium fluoride, via coccygeal vein puncture. The samples were refrigerated until processing and analysis. The plasma was obtained by means of centrifugation at 3500 rpm for 15 min, and used for the determination of concentrations of glucose and urea, which were analyzed by means of commercial kits using the colorimetric method according to the manufacturers' instructions, with using a spectrophotometer to determination of the absorbance. The data were subjected to analysis of variance and subsequent polynomial regression analysis, considering the levels of WCSEd (0; 33; 66; or 100) at the 5% level of probability, using a program (SAEG) developed by the Universidade Federal de Viçosa (UFV 1999).
RESULTS AND DISCUSSION
Dry matter intake was reduced as the level of substitution of corn with the starch extraction residue of cassava dried (WCSEd) increased (Table III) . The reduction in intake may be associated with the MS intake as a percentage of body weight (BW) was not influenced by the treatments, consistent with the results presented by Ramalho et al. (2006) . In the latter study there was no variation in DM intake as a percentage of live weight of primiparous lactating cows fed with different diets containing cassava chips (0, 25, 50, 75 and 100% replacement of maize), which have a similar composition to WCSEd. However, the intake of DM in the current study (18.42 kg day -1 ) exceeded that of the former study (17.40 kg day -1 ).
The intake of OM, EE and TC followed a linear pattern, decreasing with increasing substitution of corn with WCSEd, reflecting the variation observed for the intake of DM, while the ingestion of CP was not influenced by WCSEd.
NDF intake was not influenced by the treatments, while the ingestion of ADF showed a linear increase, probably due to the reduction in intake of DM associated with levels of NDF and ADF in the diet (Table II) , as the level of WCSEd increased.
The digestibility of DM, OM, CP, EE, TC, NDF, ADF, and TDN was not influenced by the level of WCSEd (Table IV) . It is likely that there was an additive effect among the ingredients in the 66% WCSEd diet, since this treatment (66%) showed the best digestibility coefficient for all nutrients. It is possible that the synchronization between proteins and carbohydrates was better in this treatment, since there are differences in starch degradation between energy sources (Svihus et al. 2005 ). The rumen flora may also have improved by increasing the proportion of soybean meal in the diet (Kozloski 2011). This change in the levels of soybean meal, was needed for nutrient adequacy of diets, to maintain the diets isoproteic and isoenergetic. TATIANE FERNANDES et al. The digestibility of DM obtained in this study was similar to that of a study conducted with lactating cows that evaluated the inclusion in the diet of 0, 8, 16, 24 and 32% waste of cassava starch extraction, in which DM digestibility decreased from 68.85% to 61.08% with increased levels of inclusion (Javorski 2012). Similarly, Schmidt (2011) observed no significant variation in the digestibility of DM, obtaining an average of 64.98%, when replacing corn with the silage waste of cassava starch extraction (0, 25, 50, 75 and 100%).
The digestibility of OM observed in this study was similar to that observed by Schmidt (2011), who reported a digestibility of 67.32% when using silage waste of cassava starch extraction for lactating cows, while Javorski (2012) reported values between 70.45% to 63.07% when using waste of cassava starch extraction.
In contrast to the present study, Ramalho et al. (2006) observed an increase in the digestibility of EE of up to 55.86% when replacing corn with cassava chips, and attributed these changes to the variability of EE content in the samples. However, the same study reported values of TC digestibility (69.65%) similar to those seen in the current study. Likewise, Javorski (2012) reported values between 69.19% and 60.70% with increasing levels of inclusion (0, 8, 16, 24 and 32%) of waste of cassava starch extraction in the diet of lactating cows.
In terms of the digestibility of CP, the NDF and ADF values were consistent with the results obtained by Schmidt (2011) (DCP = 65.43%; DNDF = 45.18% and DADF = 46.18%). The calculated percentage of TDN was not influenced by the treatments (corn and WCSEd), similar to that observed for the digestibility of nutrients.
Neither the purines absorbed nor the microbial synthesis of microbial N were influenced by the level of WCSEd in the diet. Only the synthesis of g P-microbial 100 g -1 of OM degraded in the rumen was positively affected. Differences in starch degradation may alter the efficiency of utilization of diet for microbial protein synthesis, since the replacement of corn with WCSEd reduced the intake of DM and OM, but did not alter the production of P-microbial; however there was an increasing linear effect for g P-microbial 100 g -1 of MO degraded. The increase in the production of P-microbial 100 g -1 of MO degraded may have occurred due to a reduction in protozoa in the rumen (Kozloski 2011) caused by increased soybean meal in the diet, which resulted in an increase in EE supply (Table  I and II); this increase may cause defaunation of protozoa (Martinele et al. 2008) , resulting in further development of ruminal bacteria. In this study, although the values of g P-microbial 100 g -1 of MO degraded in the rumen increased as WCSEd increased, they were within the range of variation described by Pathak (2008) , who reported that the efficiency of microbial synthesis can range from 13 to 17.6 g P-microbial 100 g -1 of MO degraded in the rumen.
Milk production was negatively affected by increasing levels of substitution of corn with WCSEd, with a reduction of 0.023 kg of milk produced for every 1% increase in WCSEd (Table V) . However, there was no effect on the constituents of milk (fat, protein, lactose, total solids and solids degreased) with the exception of the daily production (kg) of lactose. For milk production corrected to 3.5% fat, a decreasing linear effect was observed. 
The reduction in milk production observed in this study reflects the reduction in intake. Ramalho et al. (2006) used cassava chips, a product with a composition similar to WCSEd in terms of DM, and also observed a decreasing linear effect on milk production, and attributed this response to differences in the processes of digestion, absorption and metabolism of starch from the corn and cassava chips, and the associative effects of these foods with other dietary ingredients.
Although milk production was significantly influenced by the replacement of corn with WCSEd, the production efficiency was not altered, with an average of 1.33. Javorski (2012) no reported change in production efficiency, they obtained 1.38, higher than the value obtained in this study. Fernandes (2011) also found no variation in production efficiency when using silage waste from cassava starch extraction to feed lactating cows, but reported higher values (1.42). TATIANE FERNANDES et al. In general the constituents of milk in g kg -1 do not seem to be affected by the dietary substitution, although Fernandes (2011) and Javorski (2012) showed an increasing linear response for protein, lactose and degreased solids. The efficiency of milk production demonstrates that the reduction observed for milk production, results from the intake of DM. In this way, the use of this residue is attached to the cost benefit of its use, and supply strategies should be adopted to avoid satiety in the animals.
The inversion that has occurred in content of fat and protein, indicating the possible occurrence of subclinical acidosis. We have found no evidence of other symptoms caused by subclinical acidosis, such as diarrhea or a change in the pH of urine, nor was there any variation in the rumen pH of cannulated bovines fed the same diet (unpublished data).
The daily production of lactose and degreased solids (kg day -1 ) was negatively influenced by the progressive increase in the levels of WCSEd. Changes in the production of lactose might have reflected the better use of glucose supplied by corn, which is digested mostly in the small intestine, enabling an increase in energy from the viscera (Kozloski 2011). Degreased solids were influenced mainly by their components (protein, lactose and minerals), accompanying the change observed for lactose. Plasma glucose levels were dependent on an interaction between treatments and hours after feeding (Fig. 1) . Plasma glucose levels showed a quadratic effect as the corn was replaced by WCSEd (Fig. 1a) , differing from the results observed by Pires et al. (2008) , who found no significant changes in plasma glucose concentrations in animals fed with cassava chips as a source of starch. The glucose levels stayed within the appropriate levels for cattle, which can range from 45 to 75 mg dL -1 (Fernandes et al. 2012) . It is possible that the change in blood glucose levels between treatments was due to differences in degradation and absorption between corn and WCSEd (Svihus et al. 2005 , Ramalho et al. 2006 ).
To the timetables after feeding, was obtained a quadratic effect on blood glucose levels (Fig. 1b) . It is likely that this change occurred as a result of the degradation processes and subsequent digestion of food, since propionate, which is produced in the rumen, contributes to the formation of up to 54% of the glucose present in the blood (Silva 1979) , and the diet used, has food from high ruminal degradation. Another factor that may have influenced the variation of blood glucose was the action of insulin, the hormone that stimulates glucose uptake by tissues (Grande and Santos 2008) , and when high concentrations of starch reach the intestine, it causes elevation in insulin concentration, as a metabolic response (Ramalho et al. 2006) .
Plasma urea nitrogen (PUN) concentrations showed an interaction between treatments and hours after feeding, without effect among the treatments, only for the hours after feeding (Fig.  2) . PUN concentrations were within the range considered adequate for lactating cows, at between 7 and 23.5 mg dL -1 (Lima et al. 2004 ).
PUN levels were reduced after feeding on the 33, 66 and 100% WCSEd treatments. As PUN is a fast and sensitive indicator of crude protein intake, its increase may indicate an excess of protein in the diet, and its low concentration may indicate lack of protein or higher synchronism between protein and carbohydrates (Grande and Santos 2008) . Another factor is intake higher amounts of EE derived from the soybean meal may cause ruminal protozoa defaunation (Martinele et al. 2008) , resulting in higher consumption of ammoniacal nitrogen by bacteria, thus reducing the recycling of nitrogen in the rumen (Kozloski 2011) and consequently reducing the PUN.
CONCLUSIONS
The dried residue of cassava starch extraction can be used to feed lactating cows, with up to 100% replacement of corn. However, its use promotes a reduction in dry matter intake and therefore in the production of milk, with impacts on the profitability of the product. Feeding techniques that reduce the effect of satiety should be considered. 
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